To be relevant in terms of public health, widely-used toothpastes should have at least 1,000 ppm of soluble fluoride (F) concentration. Thus, the concentrations of total fluoride (TF) and total soluble fluoride (TSF) in the top-selling Brazilian toothpastes were evaluated. Samples (n=3) from toothpastes Colgate Anti-cáries ® , Colgate Total 12 Clean Mint ® , Colgate Tripla Ação Menta Original ® , Colgate Tripla Ação Menta Suave ® and Sorriso Dentes Brancos ® were obtained from each of the five regions of the country. The concentrations of TF and TSF were analyzed with ion-specific electrode calibrated with F standards and the results were expressed in ppm (µg F/g). All toothpastes showed TF concentration lower than 1,500 ppm F (1,388.2 ± 25.8 to 1,483.2 ± 98.2). The TSF values were higher than 1,000 ppm F and ranged from 1,035.5 ± 61.5 to 1,221.8 ± 35.2 for calcium carbonate/monofluorophosphate-based toothpastes and from 1,455.6 ± 12.5 to 1,543.0 ± 147.3 for silica/sodium fluoride-based toothpaste. Top-selling Brazilian toothpastes presented available fluoride concentration to control caries regardless of the region where they are purchased.
INTRODUCTION
Fluoride (F) toothpastes have been considered the main reason for the worldwide caries decline observed in the last decades (1, 2) . The rationale for its use is based on the disruption of dental plaque by brushing, at the same time that F is released to the oral environment (3, 4) . However, to be anticaries effective, the toothpaste formulation must provide soluble F, either as fluoride ion or as monofluorophospate (MFP) ion, to the oral cavity, to interfere with the caries process reducing enamel-dentine demineralization and enhancing the remineralization (3) (4) (5) (6) (7) .
In Brazil, 90% of the population use calcium carbonate/MFP-based (CaCO 3 /MFP) toothpastes (2) . Although MFP ion does not form insoluble salt with calcium ions (Ca ++ ) from the abrasive, MFP is not stable and during toothpaste storage it is hydrolyzed releasing F ion that reacts with Ca ++ forming insoluble F salts, which would be caries inactive. At least 1,000 ppm
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Toothpastes Purchased at Different Regions of soluble F is considered necessary for a toothpaste to have anticaries effect (8) , but the current Brazilian legislation only sets the maximum F concentration at 1,500 ppm F, without mentioning the need of soluble, anticaries active F (9) . While the quality of F found in Brazilian toothpastes has been followed since 1981 (2), recent analysis of toothpastes used by children showed that 36% of CaCO 3 /MFP toothpastes formulated with 1,100 ppm F or more had less than 1,000 ppm of soluble F (10). This raises concerns on the soluble F availability in the top-selling Brazilian F toothpastes because the caries decline observed in Brazil after the 1990' has been explained by the widespread availability of F toothpaste in the market (2) . Moreover, considering that the hydrolysis of MFP is heat-accelerated (11, 12) Thus, the concentrations of total fluoride (TF) and total soluble fluoride (TSF) in the top-selling Brazilian toothpastes purchased from the five country regions was evaluated in this study.
MATERIAL AND METHODS

Study Design
An analytical study was carried out in order to evaluate the TF and TSF concentrations in the five top-selling Brazilian toothpastes. Information about the toothpastes analyzed in the study is given in Table 1 . The toothpastes (n=3) were purchased in three different supermarkets in one city of each of the five country regions: Manaus, State of Amazonas, north (N) region; Fortaleza, State of Ceará, northeast (NE) region; Cuiabá, State of Mato Grosso do Sul, midwest (MW) region; Piracicaba, State of São Paulo, southeast (SE) region; and Pelotas, State of Rio Grande do Sul, south (S) region. All analyses were performed in duplicate using an ion specific electrode (Orion 96-09; Orion Research, Cambridge, MA, USA).
Determination of Fluoride Concentration
Fluoride concentration in the toothpastes was determined as previously described (10) . Briefly, an amount of 90 to 110 mg of toothpaste was weighed (±0.01 mg), homogenized in 10.0 mL of deionized water and duplicates of 0.25 mL of the suspension were transferred to assay tubes for TF analysis (sum of soluble and insoluble fluoride). The remaining of the suspension was centrifuged (3,000 g, 10 min, room temperature) to remove insoluble fluoride, bound to the abrasive. Duplicates of 0.25 mL of the supernatant were transferred to assay tubes to determine TSF concentration (sum of F as F ion and MFP ion). For all TF and TSF tubes, 0.25 mL of 2.0 M HCl was added, and after 1 h at 45°C, the samples were neutralized with 0.5 mL of 1.0 M NaOH and buffered with 1.0 mL of TISAB II ( For each analysis, a linear equation correlating the logarithm of F concentration in standards and mV was calculated (r 2 >0.999) using the software EXCEL (Microsoft) and used to determine the F concentration in each toothpaste, which was expressed as ppm (µg F/g). The slopes of the linear regressions ranged from -57.7 to -56.7. All the analyses were above the detection limit of the standard curve used (0.0625 ppm F) and the mV values were in the linear region of the curve. The average variation coefficients of the repeated analyses (duplicate) were 1.3 % ± 1.2.
Statistical Analysis
The average and standard deviation values of F concentration of each toothpaste brand purchased at the different regions were calculated using Microsoft Excel. The effect of the region where the toothpaste was purchased was tested using one-way ANOVA. The assumptions of equality of variances and normal distribution of errors were previously checked and were satisfied. The SAS software (SAS Institute Inc., version 9.0, Cary, NC, USA) was used for the statistical analysis, with a significance level fixed at 5%.
RESULTS
TF concentrations (Fig. 1) were very close to the expected amount of 1,450 ppm stated in the manufacturer's packaging ( Table 1 ). The disagreement between the concentration declared and that found ranged from -4.3% to 2.3%. In addition, all concentrations were in accordance with the Brazilian law, presenting a TF concentration not higher than 1,500 ppm. No significant difference (p>0.05) was observed for TF concentration in each toothpaste among the five regions evaluated.
TSF concentrations ranged from 1,035.5 ± 61.5 to 1,221.8 ± 35.2 for MFP-based toothpastes and from 1,455.6 ± 12.5 to 1,543.0 ± 147.3 for the NaF-based toothpaste (Fig. 2) . There was no significant difference (p>0.05) for TSF concentration for each toothpaste among the five regions.
DISCUSSION
All the five top-selling Brazilian toothpastes are formulated with 1,450 ppm F, but in four of them the salt used is MFP and in one is NaF (Table 1) . This TF concentration declared in the label of the toothpastes (Fig. 1 ) is in accordance with the Brazilian and Mercosur legislations, which set 1,500 ppm F as the maximum value (9) .
According to the label, the abrasive agent of the toothpaste containing NaF is silica (Table 1) , which assures that all fluoride is soluble, and indeed our analyses confirmed that the 1,450 ppm F of this toothpaste are soluble (Fig. 2) , irrespective of the Brazilian region where it was purchased. However, the abrasive of the other toothpastes is CaCO 3 (Table 1) and it is possible that part of the F is inactive as insoluble salts (2, 10, 11) . This fact is relevant because these four toothpastes containing MFP/CaCO 3 are among the five most consumed in Brazil.
The present results showed that the TSF concentration in the fresh samples of toothpastes containing MFP/CaCO 3 was 21% lower (Figs. 1 and 2) than the TF declared in the label and found in the analyses (Fig. 1) . However, in all toothpastes analyzed the TSF concentrations were higher than 1,000 ppm F, the minimum necessary to have anticaries effect (8) .
Furthermore, the TSF concentration present in toothpastes containing MFP/CaCO 3 was not different among the five country regions (Fig. 2) . This result could be explained by the fact that these toothpastes were purchased in large supermarkets, which have temperature control. Also, the lack of difference in TSF in toothpastes bought in the Southeast region of Brazil, where they are manufactured, and those bought in hotter regions, suggests that the conditions of transportation or storage in distributors before arriving at the sale store are not responsible for the MFP hydrolysis and the 21% of insoluble F found.
Although the calcium carbonate-based toothpastes presented a lower amount of soluble F than the silicabased toothpaste, all of them showed TSF concentration higher than 1,000 ppm F, which is the minimum necessary for anticaries effect (8) . Thus, the difference between the anticaries effect of top-selling Brazilian toothpastes, either NaF/silica or MFP/calcium carbonatebased, can be regarded as irrelevant. This agrees with the caries decline observed in the country in the last decades (2), which occurred countrywide irrespective of fluoridated water availability.
In conclusion, the top-selling Brazilian toothpastes are in accordance with the Brazilian law and they present available fluoride concentration to control caries, regardless of the region where they are purchased.
